RifdPCT/PTO 10 JUN 2005 




l r»Uli m»uta I pj i D munrhnrn^ 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

January 29, 2003 

Sc^ ■ a true copy PRC 

OFFICE OF THOSE pSo™ ^ AN ° T ^MARK 

APPLICATION THAT ITJ^ PATENT 
FILING DATE uTe^ScTh TO BE A 

APPLICATION NUMBER: 60/432,939 
FILING DATE: December 12, 2002 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR(b) 



By Authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 




T. LAWRENCE 
Certifying Officer 





FSase type a plus sign ( + )insid^^x ^ \T> \ \ ^ ] (fL^ CP 



PTO/SB/16 (02-01) l 
8 through 10/31/2002. 0MB 0651-0032 I 



Given Name (first and middle fif an vil 
SALEH 



INVENTOR(SJ 

Family Name or Su rname 
OSMAN 



Residence 
(City and eit her State or Foreign Co uni 

MANSFIELD 
MA 



D/recf a// correspondence to: 

El Customer Number 
Of? 

Firm or 

Individual Name 

Address 
Addre ss 

Count 



CORRESPONDENCE ADDRESS 

► 



Type Customer Number here 

PHILIPS ELECTRONICS NORTH AME RICA CORPORA^ 
580 WHITE PLAINS ROAn 



Place Customer Number 
Bar Code Label here 



TARRYTOWN ■ o^ p , ny 

US I -r ■ u 1 

— 1 Telephon e | (914)332 -0999 

ENCLOSfcU AHHUC ATION PARTS (cLc^ il^^ 

Specification Number of Pages I 14 ~ T FTZ7, 

u LJ4 1 LJ CD(s) t Number | 

Other (specify) L 



zip | 10591 

Fax I (914)332-0615 



IEl Drawing(s) Number of Sheets . 
□ Applicatio n Data Sheet. See 37 CFR 1.76 

□ Applicant claims small entity status. See 37 CFR 1 27 ; 

□ A check or money order is enclosed to cover the filing fees 

a FILING FEE 



The Commissioner is hereby authorized to charqe filino 

Sri" 7Z* ^ to Deposit Cunt Number [ m <OT n ~ 
Payment by credit carrt r nm crn , umoBr ' — 14-1270 



AMOUNT ($) 



1BQ 



□ j u »„ lt , ayil , Bni ro ueposlt Account Ni 
Payment by credit card. Form PTO-2038 is attached 

glSSS^S ayenCV 0t ^ Un ' ted ** ** ^= or under a contract wHh an agency of 

IS No. 

□ Yes, the name of the U.S. Government aa* na u ^ .u ~ 

"° wv ^ im e nt ag en^gnd the Government contract number are: 

Respectfully submitted, 
SIGNATURE . 



Date 



TYPED or PRINTED NAME 
TELEPHONE 914 333-9630 



STEVEN R. BIREN 



REGISTRATION NO. 

(if appropriate) 
Docket Number: 



12/12102 



26,531 



US020556 



J 



APPLICATION FOR PATFNT 

Confldent/a Ity Is governed bv 35 « SLiv* 17,8 Womaltan is used by the nutiite in nio JV ./TJ * rllCNi 

Ine complete praE "5 to process > a Phonal application 

fomi and/or suggestions foTreSo rJhlS iS , ?J , K Vary dopendIn 9 "Pen Ihe Individual case /^2n^^ C ;J ndutf n ° Veering, preparing, and mbtrtfflna 
Washington. O.C.. 20231 DO NOT SM^ESWSSS.S! Senl t£> U,e ^ WbrnSK iSto uTfS2?^5 n ? 8 amount of Hmo vou require o complete nil 
Patents. Washington, D.C. 20^ F£ES 0R COMPLETED FORMS TO THIS ADDRESS* ^^D^^BmfS^i^A^^y St ? B ^ fmni 

" iu. box provisional AppiicaUon, Assistant Commissioner for 



O 




-i&G 




PROVISIONAL APPLICA TION COVER SHEET 

Additional Page 




Number 2 of 2 



KcT^ M* card ,„for ma «on shouW no. 

crea11 cara 'nTormatfon and authorization on PTO-2038, 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Atty. Docket 

SALEH OSMAN US020556 
Serial No. 

Filed; CONCURRENTLY 

Title: PRESERVING LINEARITY OF AN ISOLATOR-FREE POWER AMPLIFIER BY 
DYNAMICALLY ADJUSTING BIAS AND SUPPLY OF ACTIVE DEVICES 

Commissioner for Patents 
Washington, D.C. 20231 

APPOINTMENT OF ASSOCIATES 

Sir: 

The undersigned Attorney of Record hereby revokes all 
prior appointments (if any) of Associate Attorney (s) or Agent (s) in 
the above -captioned case and appoints: 

STEVEN R. BIREN (Registration No. 26,531) 

c/o U.S. PHILIPS CORPORATION, Intellectual Property Department, 580 
White Plains Road, Tarrytown, New York 10591, his Associate 
At torney(s) /Agent (s) with all the usual powers to prosecute the 
above- identified application and any division or continuation 
thereof, to make alterations and amendments therein, and to 
transact all business in the Patent and Trademark Office connected 
therewith . 

ALL CORRESPONDENCE CONCERNING THIS APPLICATION AND THE 
LETTERS PATENT WHEN GRANTED SHOULD BE ADDRESSED TO THE UNDERSIGNED 
ATTORNEY OF RECORD. 

Respect 




Michael E. Marion, Reg. 32,266 
„ _ ^ Attorney of Record 

Dated at Tarrytown, New York 

this 12 th day of December 2002. 




US020556 W . . -61 ™ 12,12132 




PRESERVING LINEARITY OF AN ISOLATOR-FREE POWER AMPLIFIER BY 
DYNAMICALLY ADJUSTING BIAS AND SUPPLY OF ACTIVE DEVICES 

FIELD OF THE INVENTION 
5 The invention relates to an isolator-free power amplifier circuit typically used in 

wireless communication devices which preserves linearity of the power amplifier under 
varying loads. More particularly, linearity is preserved by dynamically adjusting input and 
output bias of active devices of the power amplifier circuit. 

BACKGROUND OF THE INVENTION 
1 0 Power amplifiers are used in transmitters to amplify signals, such as Tadio 

frequency (RF) signals. Such power amplifiers are included in transmitters of wireless 
communication devices, such as mobile telephones. The power amplifier typically 
provides an amplified RF signal to an antenna for transmission over the air. 

RF antennas as for instance applied in mobile phones, operate in strongly varying 
15 environments, resulting in a varying antenna input impedance, a VSWR (Voltage Standing 
Wave Ratio) of 4: 1 is not uncommon. Especially at high output levels, this may result in a 
severe distortion of for instance a CDMA (code division multiple access), TDMA (time 
division multiple access), Edge or W-CDMA modulated carrier signal having a non- 
constant envelope. 

20 The conventional solution to protect the power amplifier of a cellular phone against 

antenna mismatch conditions to preserve linearity is to use an isolator, such as a circulator, 
placed between the power amplifier and the output load, such as the antenna, to limit the 
effects of load impedance variation on the performance of the power amplifier. The 
circulator secures proper 50 Ohm loading of the power amplifier under antenna mismatch 

2 5 conditions by dissipating the reflected power in the isolator or in a third circulator port 

termination. Directivity in the power flow is created by ferromagnetic material. 

The above aspects of the state of the art are described in more detail with reference 
to Fig. 1 which shows a basic block diagram of an arrangement 10 used for a power source 
12 isolated with a circulator 14 from a mismatched antenna 16. A current source 18 and its 

3 0 impedance Z 0 represent an ideal power source (RF-transistor) 12. A matching circuit 20 is 

connected between the antenna 16 and power source 12, with another terminal 22 
connected to ground. 
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Part of the power P inc _ eirc fiom the matching circuit 20 to the circulator 14 is 
dehvered as P„ c _ ant to the antenna 16 where some power is reflected back P ren Bnt to the 
c«cu later 14. Thanks to the circulator 14, the reflected power from ^ ^ , tf 

" 0t tOWards fte source 12, but dissipated into the circulator load P, 

5 Consequently, the reflected power P refl _ cte from the circulator 14 and the reflected power 
P re n_ soure e from the matching circuit 20 towards the source 12 are zero. This avoids 
extremes that would occur when incident and reflected waves add up in-phase. However 

Z , l TT* T erve power ampIifier lineari * and matan prad — 

control of field strength indication at the base station), then the incident power P- 
10 from the source 12 has to be increased, thus increasing power dissipation, to overe^ 
reflect™ losses resulting in enhanced signal voltage and current at the source 12. Thus 

2 1 ; 1 P3rtly P ° Wer ampHfier U ^ — -match 

colons. In add-on, power dissipation and consumption remains high thus requiring 

15 efficiency. 6 

It is desirable to remove the isolator or circulator 14 connected to the antenna 16 
However, removal of the isolator allows load impedance variations to detrimentally affect 
me performance, e.g., linearity, of the power amplifier. Accordingly, there is a need to 
have a power amplifier circuit where the isolator is removed yet the performance and 
20 hneanty of the amplifier is preserved despite load impedance variations. 

SUMMARY OF THE INVENTION 
According to the invention, linear power output of a power amplifier is 
substantially maintained despite load variations and having no isolator connected to the 
load. This is achieved by dynamically adjusting bias and supply of active devices in an 
.solator-less power amplifier circuit as a correction scheme for linearity under 
predetermined load mismatch conditions. Thus, linear output power is kept unchanged for 
a predetermmed load delta across the dynamic range of operation, without substantially 
decreasing efficiency. More particularly, linearity is substantially maintained constant 
despue load variations by independently and selectively adjusting the direct current (DC) 
0 b,as at the input of the active devices as well as the DC supply at the output of the active 
devices to provide output signals with desired DC offsets. 
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In one embodiment according to the present invention, an amplifier circuit for 
preserving linearity of an amplifier is provided. The amplifier circuit may be used in 
wireless communication devices, for example. The amplifier circuit includes a driver stage 
with at least an active device for pre-amplification and output of a pre-amplified signal; 
and an output stage with active devices for further amplification of the pre-amplified signal 
and output an amplified signal. A detector measures levels of forward and reflected parts 
of the amplified signal, and a control circuit modifies DC levels of the pre-amplified and/or 
amplified signal to substantially maintain linearity of the amplifier circuit with load 
variations. The control circuit further independently and selectively controls and adjusts 
the DC bias at the input of the active devices of the driver and output stages as a function 
of the levels of the forward and reflected signals to substantially maintain linearity of 
amplifier circuit with load variations. 

In another embodiment according to the present invention, a method for 
substantially preserving linearity of an amplifier under varying loads is provided. The 
method includes measuring levels of forward and reflected signals at the amplifier output; 
and modifying output DC levels of at least one of a pre-amplified signal provided from the 
driver stage of the amplifier circuit and an amplified signal provided from the output stage 
of the amplifier circuit as a function of the measured levels, such as the difference or ratio 
of the measured forward and reflected signals, to substantially maintain linearity of the 
2 0 amplifier circuit with load variations. The method further includes independently and 
selectively adjusting the DC bias at the input of the active devices of the driver stage 
and/or output stage as a function of the levels of the forward and reflected signals to 
substantially maintain linearity of amplifier circuit with load variations. 

Further features and advantages of the invention will become more readily apparent 

2 5 from a consideration of the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings specify and show preferred embodiments of the 
invention, wherein like elements are designated by identical references throughout the 
drawings; and in which: 

3 0 Fig. 1 shows a prior art block diagram of a power source isolated with a circulator 

from a mismatched antenna; 

Fig. 2 shows a wireless communication system according to the present invention; 
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Fig. 3 shows an isolator-free amplifier circuit according to the present invention; 

Fig. 4 shows a flow chart of a method for preserving performance, e.g., linearity, of 
an isolator-free amplifier circuit according to the present invention; and 

Fig. 5 shows a summarized flow chart of the method for preserving performance, 
e.g., linearity, of an isolator-free amplifier circuit according to the present invention. 
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DESCRIPTION OF THE INVENTION 
The invention, together with attendant advantages, will be best undeistood by 
reference to the following detailed description of the preferred embodiment of the 
invention, taken in conjunction with the accompanying drawing. 

An amplifier circuit for use in wireless communication devices for example is 
• described where, illustratively, an RF power amplifier is used in RF antenna circuits. In 
the following description, numerous specific details are set forth, such as specific type and 
number of transistors, in order to provide a thorough understanding of the present 
invention. However, it will be obvious to one skilled in the art that the present invention 
may be practiced without these specific details. In other instances, well known circuits 
have not been set forth in detail in order to not unnecessarily obscure the present invention. 

The wireless communication device may be for example a mobile cellular or 
cordless telephone, pager, an Internet appliance or other consumer devices, and is typically 
part of a communication system. Fig. 2 shows a wireless communication system, such as a 
mobile telephone system 40 comprising a primary or base station (BS) 50 and a plurality of 
secondary or mobile stations (MS) 60. The BS 50 comprises a network controller 52, such 
as a computer, coupled to a transceiver 54 which is in turn coupled to radio transmission 
means such as an antenna 56. A connection means such as a wire 58 couples the controller 
52 to a public or a private network. 

Each MS 60 comprises a processor 62 such as a micro-controller (uC) and/or a 
digital signal processor (DSP). Typically, the DSP processes voice signals, while the uC 
manages operation of the MS 60. The processor 62 is coupled to a transceiver means 64 
coupled to radio transmission means, e.g., an antenna 66. A memory 68, such as an 
EPROM and RAM, is coupled to the processor 62 and stores data related to operation and 
configuration of the MS 60. Communication from the BS 50 to MS 60 takes place on a 
downlink channel 72, while communication from the MS 60 to BS 50 takes place on an 
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nphnk The MS 60 „so inCudea a nser interface soon as a ^Wd and a 

screen, as we,, aa a microphone coupled to ^ ^ ^ ^ 

64 and a speaker coupled to to receiver section of to transceiver 64 
ohaooal 7Z The tr^acewer 64 ioOodes a sCection means » sCecnvCy coop,e a power 

- * - t d. transceiver 64 a,so inOndes other chimta soch as a down convex ta 

^ "* *— — *— «» ■» receive b™*. By con J to 
*nem« branch of to transceiver 64 inches an v converter and a naodntafcnooder 

• , power amplifier circuit to amplify RF signals in 

wireless communication devices For examnl* rt,™ i-« - . ^ 

f or exam P Ie > me amplifier circuit 1 00 is part of the 

oTT of « MS 60 ta Fi * 2 - " nd morc - — * —* 

of to *_r 64. TypicaHy, to inpnt of to ^ cftc „ it „ 

i r : sisnais for ***** — * ~H- r 

ta* -* , to antenna 66, where to amphw RF signaIs are nansmitted over to air on 
the uplink channel 74 for example. 
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for buff 7 ^ ** '""oomprisea an h^mad, ctani, 1,0 

for fcuTermg to mpu, of to amphfler oimmt .00 and matching its inpa, impedance whh 
to oaipurnnpec^e of to circuit coopied ton*, sacb as a modaW. tL onrpn, of to 

Z -* ' 10 h * « — «• -ugh a. teas, one DC b^ 

capactter ,30 The sign* to he amphfed, such as a modniated signa,, is provided hy to 
input match circuit 1 1 0 to the canar it™ i q n v • ,. , y me 

and nmvM, • , 1 ' * SUbstantiaI1 y bl °<** DC components 

and provides a SI gnal substantially without a DC offset to the driver stage 120 

The driver stage 120 comprises a at least one active device, such as a transistor 140 
which reives the substantially DC-free signal from the capacitor 130 for pie- 
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amputation to . fa, leveI . musttafiveljf> to p^M^ ^ „ , 
dansistor, sucb as an NPN transistor 140 bavtag a base 142 coupled to the capacitor ,30 
Tie base 142 is ranker coupted ,„ . bias control circui, 145 for pmviding aproperDC 
btastng signal. This a„o WS ft. bias con.ro, ciroui, 145 to con*o,, e. & , adjuas the DC Was 
«d.e n,p„ of the trustor ,40. The enuder of ore transistor ,40 is co„p,ed to ground, 
whde the output or Sector ,47 of the transistor ,40 is c„np,ed to an iuter-stoge ntatoh 
creed ,50 for buffering and impedance matcbmg between .be driver stoge ,20 and the 
input of an output stage 160. 

The pre-amplified signal from the driver stage 120 is provided to the input of the 
output stage 160 through the inter-stage match circuit 1 50, and at least one DC blocking 
capacitor 170 for substantially blocking DC signals similar to the DC blocking capacitor 
130. 

The output stage 160 is similar to the driver stage 120 and also comprises at least 
one transistor 180 which receive the substantially DC-free signal from the capacitor 170 
for amplification to the output level. filustratively, the output transistor 180 is a bipolar 
transistor, such as an NPN transistor having a base 182 coupled to the capacitor 170 .The 
base 182 of the output transistor 180 is further coupled to the bias control circuit 145 for 
providing the proper DC biasing signal the output transistor 1 80. The emitter of transistor 
180 ,s coupled to ground, while the output or collector 187 of the transistor 180 is directly 
or mdirectly coupled to the load without any isolation therebetween. Further, the emitter 
area of each active device 140, 1 80 is selected such that optimum performance is achieved 
tor a given load, inter-stage and source conditions. 

In addition, the output or collector 147, 187 of each transistor 140, 180 is also 
independently coupled to the bias control circuit 145. This allows the bias control circuit 
145 to mdependently and selectively change the DC level or offset of the pre-amplified 
signal at the output 147 of the transistor 140 and/or the DC level or offset of the amplified 
s,gnal at the output 187 of the transistor 180. Further, having each input/control port e g 
base 142, 182 of transistors 140, 180 independently coupled to the bias control circuit 145 
allows the bias control circuit 145 to independently and se.ectively control, e.g., adjusts the 
DC bias at the mput of the transistors 140, 1 80 thus modifying the amplification or gain of 
the driver and output stages 120, 160. 
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By way of example, suppose a power amplifier is to deliver 30 dBm of output 
power to a 50 ohm load. If the power amplifier's final stage's output has peak voltage 
swmg of 1 .4 volts for linear operation, then a loss-less impedance matching network 
separating load and power amplifier must have an impedance transformation ratio of 511 

Consader a worst case mismatch condition over all phases of a constant VSWR 
me two nnpedance extremes are high and low loads. In the former case, large voltage ' 
swmgs develop across the output of the final stage causing non-linearity in the form of 
chppmg due to the onset of high AC impedance. In the later case, the demand for output 
current elevates due to the onset of low AC impedance. By monitoring the incident and 
reverse power levels, a measurement of the impedance condition is obtained as shown in 
block 200 of Fig. 4. Next in block 210, the impedance level or mismatch is checked and if 
a normal or matehed level is obtained, then normal matched operation is continued in 
block 220 If the impedance level or mismatch is not normal, then it is determined in block 
230 whether the difference or ratio of the measured forward and reflected signals is high 
moating a relatively high forward signal, or low indicating a relatively low forward ' 
Mgnal. Next, in blocks 240, 250, me DC bias on both the input and output of each driver 
and output transistor is independent^ and selectively adjusted in one direction or the other 
dependmg on whether the ratio measured in block 230 was high or low. Next, the 
impedance condition is re-measured by returning to block 200 and the operations are 
repeated until a matched level is obtained in block 210 and normal matehed. operation is 
contmued in block 220. The monitoring and measurement of the impedance in block 200 
are continuously or intermittently checked and adjustments are made, if needed, to arrive 
to the matched condition of block 220. 

Returning to Fig. 3, a detector, such as a power detector 190, is also coupled to the 
output 187 of the transistor 180 for detecting the level, e.g., the power level, of the 
amplified RF signal at the output of the output stage 160. The power detector 190 is in 
turn coupled to the bias control circuit 145. The output 195 of the amplifier circuit 100 is 
coupled to an antenna without an isolator therebetween. 

The power detector 190 provides the DC bias control circuit 145 a measure of the 
forward and reflected output power of the amplifier circuit 100. As a function of the 
forward and reflected power level, the DC bias control circuit 145 independently and 
selectively modifies the DC level of the pre-amplified signal at the output 147 of the driver 
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stage transistor 140 and/or the DC level of the amplified signal at the output 187 of the 
output stage transistor 180 to substantially maintain constant linearity of the amplifier 
circuit 100 with load variations. The eontrol circuit 145 further independently and 
selectively controls and adjusts the DC bias at the input 142, 182 of the active devices 140 
180 of the driver and output stages 120, 160 as a function of the levels of the forward and ' 
reflected signals to substantially maintain constant the linearity of the amplifier circuit 100 
despite variations in the impedance of the load connected to the output 195 of the amplifier 



circuit 100. 



In particular, the bias control circuit 145 independently and selectively adjusts the 
DC bias on both the input e.g., base 142, 182, and output, e.g., collector 147, 187, of each 
driver and output transistor 140, 160, in response to the difference between the forward and 
reflected power -level in response to the difference between the forward and reflected 
power level. This substantially maintains linear output power despite load variations 
without significantly modifying the output stage of the power amplifier circuit 

To illustrate one solution, it is noted that the optimum real impedance of a collector 
is proportional to the ratio of half the collector supply voltage squared and the output 
power: R^Vcc^P^. Therefore a change in load impedance is accommodated for by 
a change in Ropt and input bias in accordance with the required P out and linearity 

As 1S well known by one skilled in the art, the changes in the forward and reflected 
power levels measured by the power detector 190 is related to changes in the load 
impedance, e.g., the impedance of the antenna 66 shown in Fig. 2. In particular, for a load 
.mpedance substantially matched to the output impedance of the output of the amplifier 
circuit 1 00, the ratio or the difference between the forward and reflected power levels is 
high, while it is low for substantially mismatched impedances. U.S. Patent No. 5,423 082 
which is incorporated herein by reference in its entirety, discloses a transmitter that ' 
includes a closed loop feedback to compensate for varying antenna loads without an 
isolator, which is accomplished by taking the reflected output energy into account to 
maintain a constant overall loop gain by adjusting the gain of variable gain stages 

Bias control circuits are also well known in the art, such as the bias control circuit 
disclosed in U.S. Patent Nos. 5,442,322 and 5,712,593 which are incorporated herein by 
reference in its entirety. In U.S. Patent No. 5,442,322, a bias control circuit compares a 
bias control voltage with a value indicative of the current in an active device and provides 
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a control signal to the control terminal of the active device to control the operating point 
thereof. The bias point of a power amplifier is similarly controlled in U.S. Patent No. 
5,712,593 by a control circuit in response to comparing a reference value to a filtered 
portion of the RF output signal. Changing the amplifier bias point limits the effect of the 
5 load impedance variation on the amplifier performance. U.S. Patent No. 6,064,266, which 
is incorporated herein by reference in its entirety, is also related to limiting the effect of the 
load impedance variation on the amplifier performance, which is achieved by modifying 
the RF output signal path, instead of the DC bias, by switching in a resistor in parallel with 
the output impedance when a threshold detector detects variations in the load impedance 
1 0 above a predetermined value. 

The bias control circuit 145 of the present amplifier circuit 100 may include a 
processor or a comparator for comparing the values of forward and reflected power levels 
measured by the power detector 1 90 with at least one threshold value. Based on the 
comparison, the DC bias control circuit 145 modifies DC levels or offsets of the pre- 

1 5 amplified and/or amplified signals provided by the transistors 1 40, 1 80 of the driver and 
output stages as necessary, namely, as a function of the levels of the forward and reflected 
signals, to substantially maintain constant the linearity of the amplifier circuit 100 with 
load variations. The bias control circuit 145 further independently and selectively controls 
and adjusts the DC bias at the input of the transistors 140, 180 of the driver and output 

2 0 stages as a function of the levels of the forward and reflected signals to substantially 
maintain constant linearity of amplifier circuit with load variations. 

Fig. 5 shows a flow chart 300 of a method for preserving performance of an 
isolator-free amplifier circuit according to the present invention. In block 310, the power 
detector measures the forward and reflected power levels at the output of the amplifier 

2 5 circuit and provides this information to the bias control circuit 145. Jn response to the 

measured forward and reflected power levels, such as their difference or ratio values, in 
block 320, the control circuit 145 selectively and independently modifies DC levels or 
offsets of the pre-amplified and/or amplified signals provided by the transistors 140, 180 of 
the driver and output stages as necessary, namely, as a function of the levels of the forward 

3 0 and reflected signals, to substantially maintain constant the linearity of the amplifier circuit 

100 with load variations. The bias control circuit 145 further independently and selectively 
controls and adjusts the DC bias at the input of the transistors 140, 180 of the driver and 
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output stages as a function of the levels of the forward and reflected signals to substantially 
maintain constant linearity of amplifier circuit 100 with load variations. 

While the present invention has been described in particular detail with reference to 
specific exemplary embodiments thereof, it should also be appreciated that numerous 
modifications and changes may be made thereto without departing from the broader and 
intended spirit and scope of the invention as set forth in the claims that follow. The 
specification and drawings are accordingly to be regarded in an illustrative manner and are 
not intended to limit the scope of the claims which follow. 
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1 . An amplifier circuit comprising: 

a driver stage having at least a first active device which receives a signal for pre- 
amphficahon and outputs a pre-amplified signal; 

an output stage having at least a second active device which receives said pre- 
amphfied signal for further amplification and output of an amplified signal- 

a detector which measures levels of forward signal and reflected signal of said 
amplified signal; and 

a control circuit which modifies DC levels of at least one of said pre-amplified 
signal and said amplified signal in response to said levels of forward signal and reflected 
signal to substantially maintain linearity of said amplifier circuit with load variations. 

2. The amplifier circuit of claim 1, wherein said control circuit modifies DC levels of 
both said pre-amplified signal and said amplified signal to substantially maintain said 
linearity of said amplifier circuit with said load variations. 

3- The amplifier circuit of claim 1, wherein said output stage is coupled to a load 
without an isolation device between said output stage and said load. 

4. The amplifier circuit of claim 1 , wherein sa<d control circuit further adjusts a gain 
of said at least first active device and said at least a second active device as a function of 
said levels of forward signal and reflected signal to substantially maintain said linearity of 
said amplifier circuit with said load variations. 

5. The amplifier circuit of claim 4, wherein said output stage is coupled to a load 
w,thout an isolation device between said output stage and said load. 

6. The amplifier circuit of claim 4, wherein said control circuit independently adjust 
said gam of each of said first active device and said second active device. 
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7. The amplifier circuit of claim 4, wherein at least one of said first active device and 
said second active device is an NPN transistor. 

8. The amplifier circuit of claim 4, wherein said first active device and said second 
5 active device are NPN transistors. 

9. The amplifier circuit of claim 1 , further comprising an input match circuit coupled 
between an input of said amplifier circuit and said driver stage for matching an input 
impedance of said amplifier circuit to an output impedance of a device coupled to said 

1 0 input. 

10. The amplifier circuit of claim 9, further comprising at least one capacitor coupled 
between said input match circuit and said driver stage. 

15 11. The amplifier circuit of claim 1 , further comprising at least one capacitor coupled 
between an input of said amplifier circuit and said driver stage. 

12. The amplifier circuit of claim 1, further comprising an inter-stage match circuit 
coupled between an output of said driver stage and an input of said output stage for 

2 0 matching an input impedance of said output stage to an output impedance of said driver 

stage. 

13. The amplifier circuit of claim 1 0, further comprising at least one capacitor coupled 
between said inter-stage match circuit and said output stage. 

25 

14. The amplifier circuit of claim 1 , further comprising at least one capacitor coupled 
between said inter-stage match circuit and said output stage. 

1 5. A wireless communication device having an amplifier circuit, said amplifier circuit 

3 0 comprising: 

a driver stage having at least a first active device which receives a signal for pre- 
amplification and outputs a pre-amplified signal; 
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an output stage having at least a second active device which receives said pre- 
amphfied signal for further amplification and output of an amplified signal- 

, a detector which measures levels of forward signal and reflected signal of said 
amplified signal; and 

a control circuit which modifies DC levels of at least one of said pre-amplified 
signal and said amplified signal in response to said levels of forward signal and reflected 
signal to substantially maintain linearity of said amplifier circuit with load variations. 

16. The wireless communication device of claim 15, wherein said control circuit 
modifies DC levels of both said pre-amplified signal and said amphfied signal to 
substantially maintain said linearity of said amplifier circuit with said load variations. 

17. The wireless communication device of claim 15, wherein said output stage is 
coupled to a load without an isolation device between said output stage and said load. 

18. The wireless communication device of claim 15, wherein said control circuit 
further controls turning on and off of said at least first active device and said at least a 
second active device as a function of said levels of forward signal and reflected signal to 
substantially maintain said linearity of said amplifier circuit with said load variations. 

! 

19. A method for substantially maintaining linearity of an amplifier circuit with 
variations of a load coupled to an output of said amplifier circuit comprising: 

measuring levels of forward signal and reflected signal at said output; and 
modifying DC levels of at least one of a pre-amplified signal provided from a 
dnver stage of said amplifier circuit and an amplified signal provided from an output stage 
of said amplifier circuit in response to said levels of forward signal and reflected signal to 
substantially maintain linearity of said amplifier circuit with load variations. 

20. The method of claim 20, further comprising independently turning on and off a first 
achve device of said driver stage and a second active device of said output stage as a 
function of said power levels. 
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ABSTRACT 

An amplifier circuit (100) includes a driver stage (120) with at least _ 
device (140) for pre-amplification and output of a pre-amplified signal; and an ou*ut stage 
(160) w lth at least an active device (180) for further amplification of the pre-amplified 
signal and output of an amplified signal. A detector (190) measures levels of forward and 
reflected parts of the amplified signal, and a control circuit (145) modifies DC levels or 
offsets of the pre-amplified and/or amplified signals to substantially maintain linearity of 
the amplifier circuit (100) with load variations. The control circuit (145) further 
mdependently and selectively controls and adjusts the DC bias at the input of the active 
devices (140, 180) of the driver and output stages (120, 160) as a function of the levels of 
the forward and reflected signals to substantially maintain linearity of the amplifier circuit 
(100) with load variations. 
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